The rapid growth of farmland rental markets in China raises questions about the association of farmland rental and agricultural productivity. Although this issue has been extensively studied, the majority of studies have focused on yields and technical efficiency, with input use and cost efficiency receiving little attention. This study aimed to determine the statistical association of wheat and maize farmers' farmland rental behaviors (renting land, not renting land and renting out land) and input use, and the consequent association of farmers' farmland rental behaviors and cost efficiency. For this purpose, the linear regression model and stochastic frontier model were employed, based on a survey data of 419 wheat and maize farmers in 25 villages in five counties of Gansu Province, China. The study found that farmland rental enhanced productivity and sustainability of agriculture through transferring farmland from households with less productivity to those with high productivity, and it was also helpful to reducing the consumption of fertilizers and chemicals in agricultural production. The results suggest that replacing labor with machines is an important way to reduce production costs, and households specializing in agricultural production use more rational amounts of fertilizers and chemicals than those with low productivity. Thus, the machinery purchase policy in China should continue to give great benefit to farmers. In addition, the machinery purchase subsidization policy has achieved satisfactory results in China, and it could be a good reference for other developing countries. However, some efficiency loss was found in households that rented out their land, and policy makers need to pay some attention to these households.
Introduction
The proportion of the world's people that is hungry has dramatically decreased due to the marked growth in food production in the past half century [1] . Nevertheless, growing population and limited arable land continue to challenge food security [2] . The global population will continue to grow to more than nine billion by 2050, and crop production should be doubled to keep pace with the demands for food due to population growth [3, 4] . How to expand agricultural output without greatly increasing the amount of land and other input use becomes the key issue to ensure food security [3] .
China is the largest developing country with the largest population in the world [5, 6] . Over the past several decades, China has successfully created the "Miracle in China" by feeding 22% of the global human population with less than 9% of the world's arable land, indicating a substantial contribution to global food security [7, 8] . The "Miracle in China" can be attributed to the gains in agricultural productivity obtained through agricultural reform initiated in the late 1970s, which converted collective farming to a household responsibility system [9, 10] . The change in land tenure greatly stimulated the enthusiasm of farmers and it has resulted in a huge growth in agricultural productivity since the late 1970s [11, 12] .
However, it is also worth noting that more than half of the increased crop production in China was based on a rapid increase in the consumption of fertilizers and chemicals [8, 13] . Excessive fertilization in grain crop production has caused low nutrient use efficiency and high environmental costs [14, 15] . On the other hand, as economic development has progressed in China, the contribution of agriculture to economy has declined from 40% in 1970 to less than 10% in 2013, along with a tremendous net loss of the productive agricultural labor force [16, 17] . China's agricultural development is facing many new challenges, including the huge gap between lower-priced imported agricultural products and higher-priced domestically produced agricultural products, aging farmers, declining land area, and deteriorating ecological environment [18] .
To address these challenges, the Chinese Government is promoting the formation of large-scale and mechanized farms [18, 19] . In fact, in the Chinese Number 1 Document of 1984, the central government encouraged large-scale farming by promoting the development of farmland rental markets. Farmland rental and large-scale farming were further emphasized in the Chinese Number 1 Document of 2012 to 2017. Furthermore, to promote farmland rental and large-scale farming, a series of agricultural policies was launched, including farmland certification, subsidies on leased land, farmland collateral, and agricultural insurance [20] . In addition, the booming off-farm labor markets have also accelerated the development of farmland rental markets [21] [22] [23] . China's farmland rental policy gained rapid support, while only 5.2% of contracted farmland was leased in 2007, 33 .3% had been leased by the end of 2015 [24, 25] .
The issues related to farmland rental in China have received special attention by economists and policy makers, and many studies have focused on the understanding of the determinants of farmland rental. Some studies found that off-farm employment and migration had critical positive impacts on farmland renting-out behavior of rural households [22, 26, 27] . Not only did availability of off-farm employment significantly improve farmland rental, but tenure security and agricultural ability also played a critical role in farmland rental [28, 29] . In addition, the impacts of credit market development, productive heterogeneity among farmers, institutional building, contract conditions, property rights, household attributes, and institutional building on farmland rental market were extensively studied [23, 30] . Some studies explored the influences of farmland rental and consolidation. For instance, a series of studies focused on the impacts of farmland rental and consolidation on agricultural efficiency and productivity, agricultural investments to land of rural households, occupational diversification, income inequality and household welfare [9, 19, [31] [32] [33] .
Theoretically, land consolidation via farmland rental can enhance agricultural productivity by equalizing the marginal product of land among households with different labor endowments and by facilitating transfers of farmland from less productive households to more productive ones [12, 34] . A number of studies approved the positive impacts of farmland rental on agricultural productivity. Feng [12] indicated that households renting land achieved higher technical efficiency than those not renting land. Jin and Deininger [32] found farmland rental markets were critical not only for non-agricultural growth, but they also contributed to significant productivity gains by allowing more effective use of potentially idle land. A plot-level study also showed households renting extra land were relatively more productive than those not renting land [21] . The study by Lohmar et al. [35] suggested that farmland rental increased aggregate agricultural production by transferring land from low intensity farm households to households willing to farm the land more intensively. Besides, Wang et al. [36] used the method of Propensity Score Matching to analyze impacts of farmland rental on labor productivity and found that farmland rental had a positive effect on total labor productivity and agricultural labor productivity, especially in plain areas. However, some research found a negative effect of farmland rental and consolidation on agricultural production. The study by Reda et al. [19] indicated that grain yield declined with farmland consolidation. Gao et al. [33] found that farmland rental contributed to the falling rates of investment in organic manure, and it might have negative impacts on agricultural productivity. A study on China and India showed a positive relationship between plot size and land yields in China, while a negative relationship between plot size and agricultural productivity in India [17] .
These results dealing with impacts of farmland rental and consolidation on farm productivity of developing countries provide important hints to understand how farmland rental influences agriculture productivity, but they mainly focused on crop yield and technical efficiency [12, 17, 19, [37] [38] [39] . Unfortunately, high crop yields may be at the cost of high labor, fertilizer and chemical consumption.
Technical efficiency represents only a part of agricultural productivity, since it is an indicator to determine whether households use the latest production technologies, without taking the effects of resource allocation into account. Thus, crop yield and technical efficiency only reflect a part of agricultural productivity. Cost efficiency estimates the distance of observed cost to minimized cost with certain input prices and output levels. Since grain prices are stable in China, cost efficiency embodies the results of technical and allocative efficiency in grain production and thus it is a good indicator of grain productivity. However, few researchers have paid attention to the association of farmland rental and input use, as well as cost efficiency of agricultural production. As the new strategy of China is to boost productive capacity through the promotion of farmland rental and consolidation, it is important to examine this association.
The goal of this study is to assess farmland rental, particularly the relationship between farmland rental and input use, and the relationship of farmland rental and cost efficiency of grain production. Wheat and maize were chosen in this study, since they are the two main grain crops in rural areas of northwestern China, which take up 39.83% of the total planted area in the study area. Our analysis was based on a survey conducted in 2015 covering 419 households planting these two main crops in Gansu Province. We first used linear regression models to estimate the statistical association of rural households' farmland rental behaviors and costs per unit outputs of various inputs. Then, stochastic frontier models were used to estimate the statistical association of households' farmland rental behaviors and cost efficiency of wheat and maize production. We found that farmland rental can indeed enhance cost efficiency by the reallocation of farmland from less productive households to more productive households, and this is supported by the study of Feng [12] through estimating technical efficiency.
The remainder of the paper is organized as follows. Section 2 describes the data collection and samples. Section 3 presents the linear regression models and stochastic frontier models applied to the study, and variable descriptions. Section 4 reports the results. The conclusions and policy implications are offered in the final section.
Data Collection and Samples
The data for this study were derived from a survey of rural households conducted in selected 25 townships in five counties of Gansu Province, China (Figure 1 ). Gansu Province is located in the upstream of Yellow River Basin, which is the junction of Inner Mongolian Plateau, Loess Plateau and Qinghai-Tibet Plateau. Gansu Province represents a grain production area in arid and semiarid climate. It has a land area of about 4.7% of the total area of China and is one of the major grain producing provinces in northwestern China, with a planted grain crops area of about 2.5% of national level during 2015, which is larger than that in most of the provinces in northwestern China [40] . Gansu Province is one of the less developed regions of China with relatively poor agricultural production conditions and low level of urbanization, and farmland rental in Gansu Province has proceeded rapidly. For example, 10.4% of contracted farmland had been leased in September 2012, while 18% of contracted farmland had been leased in September 2014 [41, 42] . Thus, the study of Gansu Province may provide some hints for not only northwestern China, but also some areas similar with Gansu in other countries. The survey was conducted from April to September 2015. Five counties were selected using the sampling methods of Huang et al. [22] . Specifically, all 86 counties or districts in Gansu Province were sorted from high to low by the average total industry output value per capita in 2012, which is an indicator of the level of economic development. The counties were then divided into five groups, and a county district was randomly chosen from each group to represent that group. Within each county, five townships were randomly chosen, generating totally 25 townships in the sample. The five selected counties were Xifeng district, Yuzhong county, Mingle county, Huining county and Ming county, which represent the majority of farmland types and planting models in Gansu Province (Figure 1 (Table 1) . Furthermore, one village was randomly selected from each township, yielding 25 villages in the sample (Figure 1 ). Finally, we interviewed 20 to 30 rural households from each village, and the survey was conducted with the household head. Totally, 705 households were surveyed. The interview was conducted by students of Lanzhou University with proper training. They were randomly dropped off in the front door of a household to conduct the interview. The questionnaire contains demographic information, planting and breeding situation, inputs and outputs of crops, farmland types and area, farmland rental situations in 2014, and willingness to rent or rent out farmland. After excluding the households that did not grow wheat or maize from the sample, we were left with a sample of 419 households for the ensuing analysis. The survey was conducted from April to September 2015. Five counties were selected using the sampling methods of Huang et al. [22] . Specifically, all 86 counties or districts in Gansu Province were sorted from high to low by the average total industry output value per capita in 2012, which is an indicator of the level of economic development. The counties were then divided into five groups, and a county district was randomly chosen from each group to represent that group. Within each county, five townships were randomly chosen, generating totally 25 townships in the sample. The five selected counties were Xifeng district, Yuzhong county, Mingle county, Huining county and Ming county, which represent the majority of farmland types and planting models in Gansu Province (Figure 1 (Table 1) . Furthermore, one village was randomly selected from each township, yielding 25 villages in the sample (Figure 1 ). Finally, we interviewed 20 to 30 rural households from each village, and the survey was conducted with the household head. Totally, 705 households were surveyed. The interview was conducted by students of Lanzhou University with proper training. They were randomly dropped off in the front door of a household to conduct the interview. The questionnaire contains demographic information, planting and breeding situation, inputs and outputs of crops, farmland types and area, farmland rental situations in 2014, and willingness to rent or rent out farmland. After excluding the households that did not grow wheat or maize from the sample, we were left with a sample of 419 households for the ensuing analysis. Note: Average industrial output value per capita is from the data of 2012 (the resource is Gansu Development Yearbook 2013), and measured in Yuan; Total is the sum of five counties; --indicates not applicable. Table 2 presents farmland rental situations of wheat and maize farmers at the county level. The number of wheat farmers who were renting land, not renting land and renting out land was 50, 233 and 39, respectively, and the percentage was 15.33%, 72.36% and 12.11%, respectively. For the maize analysis, the number of farmers who were renting land, not renting land and renting out land was 48, 235 and 38, respectively, and the percentage was 14.95%, 73.21% and 11.84%, respectively. Farmland rental market in Gansu Province was still at its infancy in 2014. Note: Total is the sum of five counties; --indicates not applicable. Table 3 reports some descriptive information of study area. The average family size of rural households in study area was 4.62. The low average per capita annual income (11.70 × 10 3 Yuan) indicated the poverty status of northwestern China. The average per capita land area was 2.60 mu, and the average planted area of wheat and maize was 2.20 mu and 1.90 mu, respectively. The average price of wheat and maize was 2.37 Yuan·kg −1 and 2.03 Yuan·kg −1 , respectively. Besides, the study area had a low average faming labor price of 86.28 Yuan·day −1 . Note: Family size is measured by the number of family members; per capita land is defined as the per capita land owned by households; the price of wheat and maize is the selling price of wheat and maize in 2014; 1 mu is 1/15 hectare.
Econometric Model and Variable Description

Models for Costs Estimation and Variable Description
To estimate the statistical association of farmland rental and the production costs of wheat and maize, a linear regression model was used:
where Y i represents the dependent variable, and it can be various input costs (land cost, labor cost, machine cost, seed cost, water cost, fertilizer cost, chemical cost and total cost) per unit output, or output per unit area (for example, Y i is the labor cost per unit output when estimating the statistical association of farmland transfer and labor cost per unit output); RI i and RO i are binary indicators for renting farmland and renting out farmland behaviors of rural household i, respectively; X i is the vector of exogenous variables, including head age, education, agricultural labor, block size, soil fertility, landform; D i is a vector of dummies to partially take into account the heterogeneity of features in different counties, including Xifeng, Yuzhong, Mingle and Huining; α 0 , α 1 , α 2 , β and µ are parameters to be estimated; and ω i is the random disturbance term. The machine cost can be decomposed in to two parts:
where OMC i is the cost of machine owned by households, and RMC i is the cost of rented machine.
To calculate the annual cost of machine owned by households, the fixed-rate mortgage (FRM) equation was employed [43] :
where PM j is the price of machine j; δ is the annual profit of the year when rural household brought the machine; T j is the lifespan of the machine j which is 10 years here, since the average lifespan of diesel engine is 10 years; and AMC j is the annual cost for the machine j. Thus, the annual cost for the machine j is:
Finally, we obtain the cost of machine owned by household i:
where m is the number of agricultural machines owned by rural household i, and TPA i is the total planted area of rural household i in 2014. In Table 4 , the descriptive statistic of variables in cost estimation is listed. With the expectation of high returns from wheat and maize farming, households in Gansu Province spent a significant amount of money on labor, machines, seeds, water, fertilizers, chemicals and other materials and services. The average total cost per unit output was 4.93 Yuan·kg −1 , ranging from 1.38 Yuan·kg −1 to 25.48 Yuan·kg −1 in the wheat analysis, and 2.84 Yuan·kg −1 , ranging from 0.97 Yuan·kg −1 to 7.73 Yuan·kg −1 in the maize analysis. The average output per mu of wheat was 286.13 kg·mu −1 , ranging from 45.00 kg·mu −1 to 570.00 kg·mu −1 , and the average output per mu of maize was 576.09 kg·mu −1 , ranging from 220.00 kg·mu −1 to 970.00 kg·mu −1 . The data suggest a significant variability in total cost per unit output and the output per unit area in wheat and maize production.
The key dependent variables are rural households' farmland rental behaviors, including renting land and renting out land. Besides, some farm-specific variables are also included: head age and education represent farmer characteristics; agricultural labor represents household characteristics; block size, soil fertility and land form represent farmland characteristics; Xifeng, Yuzhong, Mingle and Huining are area dummies (Table 4) . Note: 1 mu is 1/15 hectare; the cost of land is measured by average land rental price in a village; all costs are costs per unit output, and measured in Yuan·kg −1 ; the total cost per unit output includes land cost and all other costs in production; output is the output per unit area, measured in kg·mu −1 ; education is the education year of household head; agricultural labor is the ratio of agricultural labor (defined as family members who are actually engaged in agricultural production, not in school and between 16 and 65 years old) [22] to family size; block size is the average block size of operating land (operating farmland = own land plus rent-in and minus rent-out), measured in mu; soil fertility of operating land is defined as poor = −1, medium = 0, good = 1; landform of operating land is defined as 0 when farmland was located in sloping area, and 1 when farmland was located in flat area. The same below.
Models for Cost Frontier Function and Cost Efficiency Estimation and Variable Description
The Stochastic Frontier Analysis method (SFA) discussed by Coelli et al. [44] was employed to estimate the cost efficiency of wheat and maize production. To estimate the economic characteristics of production technology by given output and input prices, the cost frontier can be written in general from:
where C i is the observed cost of household i; Q i is output; PN i is price of land; PL i is price of labor; PM i is price of material; and C i is a cost function that is non-decreasing, linearly homogeneous and concave in prices. The Cobb-Douglas functional form was used to fit separate stochastic cost frontiers for wheat and maize using maximum likelihood procedures [45] . Despite its well-known limitations, the Cobb-Douglas was chosen because this functional form has been widely used in farm efficiency analyses for both developing and developed countries, and functional specification has rather small impact on estimated efficiency [38, 46] . The relationship between cost and prices under certain output level for wheat and maize production can be represented as:
where β 0 , β 1 , β 2 , β 3 and β 4 are parameters to be estimated; and v i is a symmetric random variable representing errors of approximation and other sources of statistical noise. Adding the term of inefficiency, the function can be rewritten as follow:
where u i is a non-negative variable representing inefficiency. Taking logarithm in both sides of Equation (8):
Substituting the constraint into equation:
A measure of cost efficiency (CE i ) is the ratio of minimum cost to observed cost, which can be shown as:
To estimate the statistical association of rural households' farmland rental behaviors and cost efficiency of wheat and maize production, the inefficiency components were estimated by the method of Battese and Coelli [47] :
where X i is a vector of exogenous variables associated with cost efficiency of wheat or maize production, including head age, education, agricultural labor, block size, soil fertility, landform, which is the same as defined in Equation (1); D i is a vector of dummies to partially take into account the heterogeneity of features in different counties, including Xifeng, Yuzhong, Mingle and Huining; δ and ϕ are parameters to be estimated; and θ i is a random variable defined by the truncation of the normal distribution with zero mean and variance σ 2 u , and θ i ≥ −X i δ for the assumption of u i being a non-negative truncation distribution of N X i δ, σ 2 u . Table 5 presents the statistic description of logarithm values of input and output variables in cost frontier and cost efficiency estimation, including the indicators of cost, output, price of land, price of labor and price of materials in wheat and maize production. Note: Cost is the total cost including land cost, labor cost and material cost, and measured in Yuan; output is the total output of wheat or maize, measured in kg; land price is the average farmland rental price at village level, measured in Yuan·mu −1 ; labor price is measured in Yuan·day −1 ; materials include seed, water, fertilizer, chemicals, mulch and other agricultural production materials and services, and their price is measured in Yuan, using a price of 1.1 implies a cost of operating capital of 10% [38] .
Results and Discussion
Regression Results of Estimation on Costs and Outputs of Wheat and Maize Production
The multicollinearity of explanatory variables was tested by a Condition Number Test before estimating models. The Condition Number Using Scaled Values of the explanatory variables (renting land, renting out land, head age, education, agricultural labor, block size, soil fertility, landform, Xifeng, Yuzhong, Mingle, and Huining) of both wheat (20.87) and maize (22.51) analyses were lower than 30, indicating there was no multicollinearity in regressions of Equation (1) and Equation (12) [48] .
Equation (1) estimates the statistical association of rural households' farmland rental behaviors and input costs per unit output of wheat and maize production with least square method (OLS), and the results are provided in Tables 6 and 7 , respectively. The results indicated that households renting land had significantly lower labor, chemical and total cost per unit output of wheat production, and significant lower labor, fertilizer, chemical and total cost per unit output of maize production, compared with those not renting land. However, they had significant higher machine cost per unit output in both of wheat and maize production, than those not renting land. On the other hand, households renting out land had significant higher land, machine, seed, fertilizer and total cost per unit output of wheat production, and significant higher land, labor, machine, seed and total cost per unit output of maize production, compared with those not renting land. Besides, they had significant lower output per mu in both of wheat and maize production.
Renting land had a significant negative correlation with labor cost per unit output of wheat (−0.933) and maize (−0.476) production, while significant positive correlation with machine cost per unit output of wheat (0.168) and maize (0.139) production (Tables 6 and 7 ). This indicated that households renting land inputted more money on machine to reduce labor cost, since their labor might be not enough for farming due to the enlarging of farm size. Besides, households renting land had significant lower chemical cost per unit output (−0.022) of wheat production and significant lower fertilizer (−0.082) and chemical (−0.020) cost per unit output of maize production than those not renting land. A possible explanation is that households renting land tended to be specializing in farming, thus more reasonable amounts of fertilizers and chemicals were expected to be used by them. Although the association of renting land and output of wheat and maize per mu was non-significant, the negative coefficients implied a negative response of output to farm size, which was consistent with the study by Rada et al. [19] . The significant reduction of labor, fertilizer and chemical costs per unit output, and insignificant reduction of output per mu for households renting land resulted in a significant decrease in the total cost per unit output of wheat (−0.827) and maize production (−0.425). Notes: *, ** and *** indicate statistical significance at 10%, 5% and 1% levels, respectively. Notes: *, ** and *** indicate statistical significance at 10%, 5% and 1% levels, respectively; only three dummies (Xifeng, Yuzhong, and Mingle) are included in maize analysis, since there is no household growing maize in Ming county.
Households renting out land had a much lower output of wheat (−68.516) and maize (−103.550) per mu than those not renting land, and this resulted in the significantly higher land (0.467), machine (0.535), seed (0.108), fertilizer (0.097) and total (1.241) costs per unit output of wheat production, and the significantly higher land (0.247), labor (0.393), machine (0.150), seed (0.034) and total (0.901) costs per unit output of maize production. A possible explanation is that, households renting out land often devoted plenty of time and effort to off-farm working, and gave less attention to framing, thus a dramatic reduction in wheat and maize outputs was found among them. The inefficient use of farmland among rural households renting out land was also revealed by a significant increase of land cost per unit output of wheat and maize production. During the survey, we found that households renting out land also used large amounts of machines to replace farming labor, since the increase of income and decrease of farming labor due to their off-farm working spurred them to use more agricultural machines. For example, for wheat production, the labor cost per mu of households renting land, not renting land and renting out land was 505.70 Yuan, 730.12 Yuan and 402.97 Yuan, respectively, while the machine cost per mu of households renting land, not renting land and renting out land was 129.83 Yuan, 119.98 Yuan and 191.67 Yuan, respectively. For maize production, the labor cost per mu of households renting land, not renting land and renting out land was 650.20 Yuan, 993.12 Yuan and 943.47 Yuan, respectively, while the machine cost per mu of households renting land, not renting land and renting out land was 139.00 Yuan, 61.66 Yuan and 128.66 Yuan, respectively. However, there was no significant reduction found in labor cost per unit output of wheat and maize production of these households, and this was mainly attributed to the reduction of outputs.
Overall, households renting land significantly reduced their cost per unit output by replacing farming labor with machine, while households renting out land significantly increased their cost per unit output due to the large reduction of outputs.
Results of Cost Frontier Function and Cost Efficiency Estimation
Regression Results of Cost Frontier Function and Cost Inefficiency Estimation
According to the method of estimating inefficiency components by Coelli and Battese [47] , the cost frontier function and linear function for cost inefficiency components in Equation (12) were estimated by the maximum likelihood estimation (MLE) technique. Parameter estimates of the stochastic cost frontier function and cost inefficiency components were presented in Table 8 . The resulting LR test statistics of the models for wheat and maize analysis were respectively 76.157 and 269.416, which greatly exceeded the 1% critical value (8.273). Thus, the null hypothesis of no inefficiency effects was strongly rejected. The estimates for the variance parameter (γ) were significant at 1% level in wheat (0.925) and maize (0.616) analysis, respectively. The value of γ is the ratio of σ 2 u to σ 2 , therefore, the inefficiency effects were likely to be highly significant in the analysis on the costs of wheat and maize famers.
All the first-order coefficients of outputs and prices of inputs had the expected signs, indicating the positive partial cost elasticities at the sample mean (Table 8 ). In terms of the magnitude of these elasticities at the sample mean, the most important factors were the prices of labor and materials. The estimated coefficients for the price of land in the models of wheat and maize were small and not significant, suggesting the price of land had little correlation with the frontier costs of wheat and maize production. The estimated coefficients for prices of labor and materials were significant and respectively 0.459 and 0.504 in wheat analysis, 0.318 and 0.565 in maize analysis. The significant coefficients of labor and materials price, and insignificant coefficient of land price, might be because the quantities and costs of labor and materials were more variable than those of land to produce certain quantities of wheat and maize. Notes: *, ** and *** indicate statistical significance at 10%, 5% and 1% levels, respectively; --indicates not applicable; only three dummies (Xifeng, Yuzhong, and Mingle) are included in maize analysis, since there is no household growing maize in Ming county.
The regression results of inefficiency models for wheat and maize analysis were presented in the middle part of Table 8 . The coefficients of renting land were significant and negative in the wheat (−1.826) and maize (−1.100) analyses, while the coefficients of renting out land were significant and positive in the wheat (0.775) and maize (0.482) analyses. This indicated that households renting land tended to have smaller cost inefficiency components, while those renting out land tended to have larger cost inefficiency components, compared with those without renting land. Combined with the regression results of costs per unit output, the primary cause was that households renting land improved their cost efficiency mainly by replacing labor with machine and rational utilization of fertilizers and chemicals, while households renting out land reduced their cost efficiency due to the dramatic reduction in outputs.
Besides, some other characteristics of farmers and farmland also significantly correlated with the cost inefficiency components of wheat and maize production (Table 8) . Head age and education respectively had significantly positive and negative correlation with cost inefficiency components of wheat production, indicating households with young and high education level heads had higher cost efficiency in wheat production than those with old and low education level heads. A possible explanation is that, young household heads might be more active, energetic and easier to accept new technologies of farming compared with those with very high age, and household heads with high education level were more knowledgeable on reasonable use of machine, fertilizers and chemicals than those with low education level. Another important source of cost inefficiency was the surplus of agricultural labor force. Agricultural labor was significantly and positively related to the cost inefficiency components of wheat production, suggesting wheat farmers with high agricultural labor ratio had lower cost efficiency than those with low agricultural labor ratio. The negative correlation of agricultural labor ratio and cost efficiency could mainly ascribe to the widely surplus of the agricultural labor force in study regions. The average block size and soil fertility had significant negative correlation with cost inefficiency components in both wheat and maize production, and landform had significant negative correlation with cost inefficiency components of maize production, suggesting high quality farmlands can greatly reduce agricultural production costs.
Cost Efficiency
After estimating the stochastic frontier cost function and cost inefficiency components, cost efficiency for each wheat and maize farm households was also calculated. Figure 2 reports the kernel density distribution of cost efficiency of wheat and maize production in the study area. Figure 2 illustrates the variations in cost efficiency across households, revealing that the largest density of wheat farmers fell into the 0.7-1.0 range of cost efficiency, and the largest density of maize farmers fell into the 0.8-1.0 range of cost efficiency, but a small peak emerged around 0.65. In other words, a large share of wheat and maize farmers were costly efficient.
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For the distribution of cost efficiency of household groups depending on planted area size ( Figure 3C,D) , a large share of wheat farmers with large size (84.78%) had a cost efficiency score in the range of 0.8-1.0, which was larger than that of farmers with medium size (75.68%) and small size (73.11%). Similarly, a large share of maize farmers with large size (90.19%) had a cost efficiency score in the range of 0.8-1.0, which was larger than that of farmers with medium (80.34%) and small size (67.64%). A multiple comparison was also taken to compare the means of cost efficiency of households groups depending on farmland rental status and planted area size of each crop. Figure 4 presents the cost efficiency of different household groups depending on farmland rental status ( Figure 4A ) and planted area size ( Figure 4B ). As expected, wheat famers renting land had higher mean of cost efficiency (0.905) than those of not renting land (0.830) and renting out land (0.813); maize farmers renting land also had higher mean of cost efficiency (0.934) than those of not renting land (0.846) and renting out land (0.753). Similar results were also found for household groups depending on planted area size: wheat farmers with large size had higher mean of cost efficiency (0.856) than those with medium size (0.839) and small size (0.828); and maize farmers with large size also had higher mean of cost efficiency (0.888) than those with medium size (0.856) and small size (0.800). A multiple comparison was also taken to compare the means of cost efficiency of households groups depending on farmland rental status and planted area size of each crop. Figure 4 presents the cost efficiency of different household groups depending on farmland rental status ( Figure 4A ) and planted area size ( Figure 4B ). As expected, wheat famers renting land had higher mean of cost efficiency (0.905) than those of not renting land (0.830) and renting out land (0.813); maize farmers renting land also had higher mean of cost efficiency (0.934) than those of not renting land (0.846) and renting out land (0.753). Similar results were also found for household groups depending on planted area size: wheat farmers with large size had higher mean of cost efficiency (0.856) than those with medium size (0.839) and small size (0.828); and maize farmers with large size also had higher mean of cost efficiency (0.888) than those with medium size (0.856) and small size (0.800). 
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Figure 3. Distribution of cost efficiency of rural household groups depending on farmland rental status: (A) for wheat production; and (B) for maize production, and planted area size: (C) for wheat production; and (D) for maize production.
A multiple comparison was also taken to compare the means of cost efficiency of households groups depending on farmland rental status and planted area size of each crop. Figure 4 presents the cost efficiency of different household groups depending on farmland rental status ( Figure 4A ) and planted area size ( Figure 4B ). As expected, wheat famers renting land had higher mean of cost efficiency (0.905) than those of not renting land (0.830) and renting out land (0.813); maize farmers renting land also had higher mean of cost efficiency (0.934) than those of not renting land (0.846) and renting out land (0.753). Similar results were also found for household groups depending on planted area size: wheat farmers with large size had higher mean of cost efficiency (0.856) than those with medium size (0.839) and small size (0.828); and maize farmers with large size also had higher mean of cost efficiency (0.888) than those with medium size (0.856) and small size (0.800). Although the differences among different groups depending on farmland rental status had the same tendency as those among groups depending on planted area size, the former had larger gaps. This might be because farmland rental had more positive effects on cost efficiency by transferring farmland to master farming hands than those gained from scale effects in the study area. In addition, only 15.53% and 14.95% of households rented land in the wheat and maize analyses, indicating that only a small part share of large scale farm came from farmland rental.
Conclusions
Due to the booming of farmland rental markets in China, debates over farmland rental are ongoing, especially its correlation with agricultural productivity [18] . An in-depth understanding on the statistical association of rural households' farmland rental behaviors and their input use on farmland, as well as cost efficiency of agricultural production could help policy makers introduce more targeted rural development policies. Based on survey data of 419 wheat and maize farmers in 25 villages in five counties of Gansu Province, this paper used linear regression models and stochastic frontier models to estimate the differences in inputs and outputs of wheat and maize production among households with different farmland rental behaviors, and the consequent impacts on the differences in cost efficiency.
The results indicated that households renting land reduced their input cost on farmland by replacing labor with machines and using less fertilizer, and without decreasing wheat and maize outputs by much. These caused a significant increase in cost efficiency of them. On the other hand, households renting out land had significant lower outputs per mu of wheat and maize than those not renting land, even though they also experienced the same process (replacing labor with machines) with households renting land. This caused a significant production efficiency loss for these households. The results also showed a significant negative association of rural households' land renting behavior and costs of fertilizer and chemicals, and they shed new light on the sustainability of agricultural production. In addition, the results of cost efficiency distribution of household groups depending on farmland rental status and planted crop area size also showed the highest cost efficiency achieved by farmers renting land or with large planted crop area size, the medium cost efficiency achieved by farmers not renting land or with medium planted crop area size, and the lowest cost efficiency achieved by farmers renting out land or with small planted crop size. Thus, farmland rental indeed improved agricultural productivity by transferring land from farmers with low productivity to farmers more specializing on farming.
The findings here suggested that farmland rental and consolidation in China are beneficial to agricultural productivity and environmental protection. However, the means of cost efficiency of wheat (0.848) and maize (0.840) production indicated that there is still room for improvement under current production methods and technologies. Besides, with the further development of farmland rental and off-farm employments, using machines to replace labor will become increasingly important to China. Machinery purchase subsidization has been widely implemented in China, and it has achieved satisfactory results. China's experience offers a new perspective for other developing countries.
Our results were based on data from a single year, and this should be a limitation to understand the changes of impacts of farmland rental on input use and cost efficiency with years, but these results still provide important references for policy makers. Furthermore, this study only tested the statistical association of farmland rental cost efficiency. From the farmers' perspective, how to increase income is the top issue, and this may also be the reason of some households renting out all of their farmland and quitting farming totally while some households enlarging their farm size by renting some land. Thus, impacts of farmland rental and consolidation on farmers' income and income inequality should be estimated in future.
